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Introduction
Two issues facing the field of engineering are the pending retirement of the Baby Boom generation and the lack of diversity in the engineering workforce 1, 2 . Both issues relate to a loss of knowledge in the field due the retirement of those with experience and the loss of alternative ideas and engineering potential by having a very homogenized group of engineering practitioners. In order to address these issues, there have been a number studies in engineering education exploring the area of academic persistence or the intention of a student to complete a degree in engineering as a way to increase the number of engineers and their diversity. Studies by Seymour and Hewitt (1997) , Huang, Taddese and Walter (2000) , and Adelman (1998) have explored various areas of academic persistence in science and engineering including the impacts of gender and ethnicity on persistence 3, 4, 5 . At the core of these academic persistence studies is the assumption that those who pursue and successfully complete a degree in science and engineering will in turn pursue a professional career in engineering or science. Is this a valid assumption and does it apply to aerospace engineering students?
Literature Review
In engineering education, the number of studies exploring professional persistence is limited. Studies by Amelink and Creamer (2010) , Eris et al. (2010) , and Lichtenstein et al. (2009) indicate that a number of factors impact professional persistence. Between these different studies it was found that 1,6,7 :
1. respect from both peers and instructors was very important in keeping students satisfied with the engineering field and intending to work in the field for years in the future 1 .
2. the desire to pursue an engineering career increases throughout the education of the student in the case of persisters (those who graduated or were still working toward an engineering degree). 3. attaining an engineering degree did not equal a commitment to pursuing an engineering career and that the opinion about pursuing a career in engineering could be readily swayed in either direction depending on the experiences and interactions of the student. This includes co-op/ internship experiences where good experiences can lead to increased professional persistence and bad experiences can lead to students desiring not to want to work in the field 7 .
How do these general results for engineering relate to the particular field of aerospace engineering where there continues to be the need to bring new engineering talent into the field in order to maintain aerospace leadership in the United States as is discussed by the Committee on the National Aerospace Initiative (2004) 8 ? Do engineers in aerospace follow these same trends Page 26.114.2 in persistence and do the aerospace programs training students today provide the necessary experiences to encourage students to desire to want to work in aerospace engineering as a career? How do factors such as age, gender, ethnicity, and co-op/ internship experience impact the professional persistence of aerospace engineering students? The following sections examine these questions through an analysis of the survey results of the Aerospace Student Attitudes survey.
Research Problem
This paper examines the following research questions:
1. What are the professional persistence characteristics of present day aerospace engineering students? 2. How does the aerospace engineering education experience influence student perception of aerospace engineering?
Methods

Data Set
The dataset used for this investigation contained the results of the 2009 administration of the web-based Survey of Aerospace Student Attitudes 9 , a cross-institution study administered by the Massachusetts Institute of Technology (MIT) to the population of aerospace engineering students in aerospace, aeronautical, or astronautical engineering programs across the United States. Principle investigator for the project was Dr. Annalisa Weigel of MIT. The research sought to "gain insights into what motivates students to study aerospace engineering, how their experiences influence their career choice, and what their perspectives are on a future career in or outside of the aerospace industry" with the aim of using the results to "identify reasons that students might not stay in the aerospace field, and to help formulate practices to hire and retain engineers" 9 .
Participants
The population of this study consisted of sophomores and seniors in aerospace engineering. The aim of such a split was to have representatives of the aerospace engineering population that were just beginning their undergraduate aerospace curriculum and those just completing their aerospace curriculum. In 2009, students from 22 different universities participated in this study. These institutions are listed in Table 1. university experience to date have given the respondent an overall positive or negative impression of the aerospace industry.
Likelihood of Staying in an Aerospace-Related Job for Whole Career (POSSTAYAERO).
This variable measures the respondents' current thinking on how likely they were to stay in an aerospace-related job for the duration of their careers.
Influence on the Desire to Work in Aerospace. This variable describes the respondents' view on how each of the following items has influenced the respondent's desire to work in aerospace: engineering classes, non-engineering classes, hands-on experience, summer job or internship or co-op experience, on-campus research opportunities, membership in an aerospace -related organization, industry speakers that visit the campus, career fairs, faculty, non-faculty mentor, and other.
Independent variables
Gender . This variable describes the respondent's sex.
Age. This continuous variable describes the respondent's age. Respondents input this value into the survey.
Ethnicity/Race. This variable describes the respondent's ethnicity or race. Respondents were provided the options of White, Black/African American, Hispanic/Latino, Asian or Pacific Islander, American Indian or Alaskan Native, and Other where the respondent had to specify.
Family/Friends are Engineers.
This variable is the number of family members or close family friends of the respondent that are engineers.
Age of First Interest in Aerospace.
This variable is the age at which the respondent first became interested in aerospace. Respondents typed this response in the survey.
Control variables
Co-op or Summer Internship Experience. This variable indicates whether or not the respondent had an internship or co-op experience in the aerospace industry.
Analysis
Multivariate analysis was conducted to examine the relationships between the independent and control variables age, gender, ethnicity/race, initial aerospace interest, family and friend influences, and co-op experience with the dependent variables characterizing the respondents' views on the aerospace industry and desire to work in the field. Model 1 examines the dependent variable WILLENTERAERO, which relate to whether or not the respondent will likely enter the aerospace industry. Model 2 examines the dependent variable POSSTAYAERO, which relates to whether respondents are likely stay in an aerospace related job for the duration Page 26.114.5
of their careers. Model 3 examines the positive or negative view of the respondent towards aerospace based upon the collegiate experience thus far. Each of these models is analyzed against the aforementioned independent and control variables using logistic regression given the binary nature of the responses. Models 4 through 13 examine the influence of engineering classes, non-engineering classes, hands-on experience, internship or co-op experience, oncampus research opportunities, membership in an aerospace-related organization, industry speakers that visit the campus, career fairs, faculty, non-faculty mentor, and other, respectively, on the desire to work in aerospace against the aforementioned list of independent and control variables. Given the Likert scale ordered response options available to the respondents in Models 4 through 13, an ordinal logistic regression was utilized. For this particular analysis, the variables were recoded to reverse the order of respondent options such that Strong positive influence is recoded as 4, positive influence is recoded as 3, negative influence is recoded as 2, and strong negative influence is recoded as 1. Not applicable was coded as missing. The level of confidence that was used to determine statistical significance in the relationship between variables for all models was 95%. Table 2 shows the means and standard deviations for the variables used in this study. Since all respondents did not answer all items, the number of responses for each item varies and the statistics reflect those varying sample sizes. From this data we can see that the average age of the respondents is just over 21 years old. The majority of the respondents are male with roughly 20% of the respondents being female. Twenty-six percent of the respondents are races other than White. Sixty percent of the respondents have family or close family friends that are engineers. Only 8% of the respondents had their first interest in aerospace occur after high school. Of the respondents, only 32.5% of them had a co-op or internship experience.
Results
In the case of the dependent variables, we see that the mean responses are all positive (all greater than 0.5 with 1.0 being yes) to the questions of whether or not the students saw themselves going into the aerospace industry, intending to stay in aerospace related jobs for their careers, and had a university experience that gave them a positive view of the aerospace industry. Relative to the set of dependent variables that influence the student desire to work in aerospace engineering, we see that all variables have a value less than two indicating that the mean response falls between positive influence (value of 2) and strong positive influence (value of 1).
(Note for the ordered logistic analysis, the response options discussed here were reverse coded with strong positive influence as 4 and strong negative influence as 1.) The only items with means greater than two are career fairs and non-engineering classes where these two items are less than 0.1 over the value of 2.0 thus making them still close to positive influences. Table 3 shows the results of the binary logistic regression the variables WILLENTERAERO, POSNEGEXP, and POSSTAYAERO regressed against age, gender, ethnicity, if the respondent has family and friends who are engineers, if the respondent first became interested in aerospace before or during college and whether or not the respondent has had a co-op or internship experience. Not all respondents answered all questions and thus the number of respondents per question does vary and is listed in the Table 3 . In the case of Model 1 dealing with the question of whether or not the respondent will enter the aerospace industry upon graduation, only the variables of age and co-op experience were statistically significant to the 0.01 level while the variable first interest in aerospace is only significant if we use a 0.1 significance level. All other variables under consideration do not have statistically significant relationships. The variable age has a negative logistic coefficient indicating that as the age of the respondent increases, the respondent is less likely to agree with the statement that the respondent will most likely enter the aerospace industry upon graduation. In particular the odds ratio indicates that the respondent is about 19% less likely to agree with the statement for every unit increase in age. The variable co-op/internship has a positive logistic coefficient indicating that if the respondent had a co-op or internship experience, the respondent is more likely to agree with the statement that the respondent will most likely enter the aerospace industry upon graduation. In particular the odds ratio indicates that the co-op/ internship respondent is nearly three times more likely to agree with the statement than one without the co-op/internship experience. The Nagelkerke pseudo R-Square for this model indicates that roughly 7.7% of the variability in the odds of agreeing with the statement that the respondent will likely enter aerospace industry can be accounted for by the predictors of age, gender, ethnicity, having family or family friends that are engineers, having an interest in aerospace start after high school, and having had a co-op or internship.
For the case of Model 2 dealing with the question of whether or not the respondent will stay in aerospace related jobs for the duration of the respondents' career, none of the variables under consideration have statistically significant relationships to the 0.05 level of significance or less. Only the variable age has a statistically significance relationship to the 0.1 level. With Model 3 dealing with the question of whether or not the college or university experience has given the respondent a positive impression of aerospace, only the variable age has a statistically significant relationship to the 0.05 level of significance. All other variables under consideration do not have statistically significant relationships. The variable age has a negative logistic coefficient indicating that as the age of the respondent increases, the respondent is less likely to agree with the statement that the college or university experience has given the respondent a positive impression of aerospace. In particular the odds ratio indicates that the respondent is about 14% less likely to agree with the statement for every unit increase in age. The Nagelkerke pseudo R-Square for Model 3 indicates that roughly 4.8% of the variability in the odds of agreeing with the statement that the respondent will stay in an aerospace-related job for the duration of the respondent's career can be accounted for by the predictors of age, gender, Page 26.114.8 ethnicity, having family or family friends that are engineers, having an interest in aerospace start after high school, and having had a co-op or internship. Table 4 shows the results of the ordinal logistic regression with the variables dealing with the influence of various items on the respondent's view of aerospace regressed against age, gender, ethnicity, if the respondent has family and friends who are engineers, if the respondent first became interested in aerospace before or during college and whether or not the respondent has had a co-op or internship experience. A model for the influence of other is not included in Table 4 since the sample size was too low (only 29 responses for this item) to run a valid ordinal regression model. Response options were reverse coded for this analysis versus that presented in the descriptives data. Each of the presented models uses the "strong positive influence" option as the reference category for the ordinal regression. The predictors used in each of the following models are age, gender, ethnicity, having family or family friends that are engineers, having an interest in aerospace start after high school, and having had a co-op or internship.
In Model 4 the issue of whether engineering classes have a positive or negative influence on respondents' desire to work in aerospace is examined. We see that only the variable age has a statistically significant relationship at the less than 0.01 level. The logistic coefficient with this variable is negative, thus, in this case, as the age of the respondent increases, the respondent is less likely to agree with the statement that engineering classes have a strong positive influence Model 4 Only the variable having a first interest in aerospace after high school has significance to the less than 0.1 level. The Nagelkerke pseudo R-Square for Model 4 indicates that roughly 5.4% of the variability in the odds of agreeing with the statement that engineering classes have a strong positive influence on the desire to work in aerospace can be accounted for by the predictors.
In Model 5 the issue of whether non-engineering classes have a positive or negative influence on respondents' desire to work in aerospace is examined. None of the variables in Model 5 have a statistically significant relationship to the less than 0.05 significance level.
In Model 6 the issue of whether hands-on experiences have a positive or negative influence on respondents' desire to work in aerospace is examined. We see that only the variable gender has a statistically significant relationship at the less than 0.01 level. The logistic coefficient for this variable is positive thus females are more likely than males to agree with the statement that hands-on experiences have a strong positive influence on the respondent's desire to work in aerospace than the statements that hands-on experiences have a positive influence, negative influence, or strong negative influence. All other variables in Model 6 do have not statistically significant relationships to the less than 0.05 significance level. Only the variable having family or close family friends who are engineers has significance to the less than 0.1 level. The Nagelkerke pseudo R-Square for Model 6 indicates that roughly 4.0% of the variability in the odds of agreeing with the statement that hands-on experiences have a strong positive influence on the desire to work in aerospace can be accounted for by the predictors.
In Model 7 the issue of whether summer job or co-op/internship experiences have a positive or negative influence on respondents' desire to work in aerospace is explored. We see that the variables gender and co-op/intern experience have statistically significant relationships at the less than 0.05 and 0.01 levels, respectively. The logistic coefficient for gender is positive thus females are more likely than males to agree with the statement that summer jobs or coop/internship experiences have a strong positive influence on the respondent's desire to work in aerospace than the statements that summer jobs or co-op/internship experiences have a positive influence, negative influence, or strong negative influence. The logistic coefficient for coop/internship experience is positive thus respondents with co-op/internship experience are more likely than those without co-op/internship experience to agree with the statement that summer jobs or co-op/internship experiences have a strong positive influence on the respondent's desire to work in aerospace than the statements that summer jobs or co-op/internship experiences have a positive influence, negative influence, or strong negative influence. All other variables in Model 7 do have not statistically significant relationships to the less than 0.05 significance level. The Nagelkerke pseudo R-Square for Model 7 indicates that roughly 13% of the variability in the odds of agreeing with the statement that summer jobs or co-op/internship experiences have a Page 26.114.10 strong positive influence on the desire to work in aerospace can be accounted for by the predictors.
Model 8 examines whether on-campus research experiences have a positive or negative influence on respondents' desire to work in aerospace. We see that only the variable age has a statistically significant relationship at the less than 0.05 level. The logistic coefficient with this variable is negative thus as the age of the respondent increases, the respondent is less likely to agree with the statement that on-campus research experiences have a strong positive influence on the respondent's desire to work in aerospace than the statements that on-campus research experiences have a positive influence, negative influence, or strong negative influence. All other variables in Model 8 do have not statistically significant relationships to the less than 0.05 significance level. The Nagelkerke pseudo R-Square for Model 8 indicates that roughly 5.5% of the variability in the odds of agreeing with the statement that on-campus research experiences have a strong positive influence on the desire to work in aerospace can be accounted for by the predictors.
In Model 9 the issue of whether aerospace-related organizations have a positive or negative influence on respondents' desire to work in aerospace is examined. We see that only the variable gender has a statistically significant relationship at the less than 0.05 level. The logistic coefficient for this variable is positive thus females are more likely than males to agree with the statement that aerospace-related organizations have a strong positive influence on the respondent's desire to work in aerospace than the statements that aerospace-related organizations have a positive influence, negative influence, or strong negative influence. All other variables in Model 9 do have not statistically significant relationships to the less than 0.05 significance level. Only the variable having an interest in aerospace start after high school has significance to the less than 0.1 level. The Nagelkerke pseudo R-Square for Model 9 indicates that roughly 8.3% of the variability in the odds of agreeing with the statement that aerospace-related organizations have a strong positive influence on the desire to work in aerospace can be accounted for by the predictors.
In Model 10 the issue of whether industry speakers have a positive or negative influence on respondents' desire to work in aerospace is analyzed. The intercept for "1.00=strong negative influence" contained too few cases to be calculated for this model. None of the variables in Model10 have a statistically significant relationship to the less than 0.05 significance level though having co-op/internship experience is a statistically significant relationship to the less than 0.1 significance level.
In Model 11 the issue of whether career fairs have a positive or negative influence on respondents' desire to work in aerospace is explored. We see that only the variable having family or close family friends that are engineers has a statistically significant relationship at the less than 0.05 level. The logistic coefficient for this variable is positive thus those who have family or close family friends that are engineers are more likely than those who do not have Page 26.114.11
family or close family friends that are engineers to agree with the statement that career fairs have a strong positive influence on the respondent's desire to work in aerospace than the statements that career fairs have a positive influence, negative influence, or strong negative influence. All other variables in Model 11 do have not statistically significant relationships to the less than 0.05 significance level. The Nagelkerke pseudo R-Square for Model 11 indicates that roughly 5.6% of the variability in the odds of agreeing with the statement that career fairs have a strong positive influence on the desire to work in aerospace can be accounted for by the predictors.
In Model 12 the issue of whether faculty has a positive or negative influence on respondents' desire to work in aerospace is examined. We see that only the variable ethnicity has a statistically significant relationship at the less than 0.05 level. The logistic coefficient for this variable is positive thus those respondents who are not White/Caucasian are more likely than those who are White/Caucasian to agree with the statement that faculty has a strong positive influence on the respondent's desire to work in aerospace than the statements that faculty has a positive influence, negative influence, or strong negative influence. All other variables in Model 12 do have not statistically significant relationships to the less than 0.05 significance level. The Nagelkerke pseudo R-Square for Model 12 indicates that roughly 2.1% of the variability in the odds of agreeing with the statement that faculty has a strong positive influence on the desire to work in aerospace can be accounted for by the predictors.
Finally in Model 13 the issue of whether non-faculty has a positive or negative influence on respondents' desire to work in aerospace is analyzed. None of the variables in Model 13 have a statistically significant relationship to the less than 0.05 significance level.
Discussion
The results of these analyses provide interesting insight into the thinking and attitudes of today's aerospace engineering students. These attitudes form the basis for the professional persistence attributes of these students at this time and how they view the field of aerospace engineering. The pending need for aerospace engineers to fill the slots vacated by those retiring in the coming years as the Baby Boom generation retires, necessitates that engineering schools produce not only engineering graduates but graduates that seek to enter the aerospace field and become practicing engineers.
The descriptive statistics of this study tell a story of where nearly 90% of the respondents see themselves entering the aerospace engineering field and nearly 80% of the respondents see themselves staying in aerospace related jobs for the duration of their careers. On top of that we see that nearly 90% of the respondents feel that the university or collegiate experience has helped to give the students an overall positive impression of the aerospace industry. This is good news for the profession but does it tell the whole story? Further statistical analysis of the data reveals a more complex view of the aerospace engineering is held by the students. Some of the findings are expected while others are little surprising.
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Looking at the logistic regression results, we can start to draw a more complete picture of the aerospace engineering respondents. We find that the co-op / internship experience does have a positive impact on the aerospace engineering students where students who do co-op or intern are roughly three times more likely to say that they plan on entering the aerospace engineering field. This somewhat begs the question of whether those co-op students are more likely to say that they are going into the aerospace field because they have secured a job with the company that they had the co-op or internship experience with. Additional data provided in the Aerospace Student Attitudes Survey reveals that of the co-op/intern students, only 41.7% of those students accepted jobs at the companies with which they had had a co-op/internship experience. The balance, 58.3% of the respondents, accepted jobs at companies other than those with which they had experience. This appears to indicate that the work experience itself plays a larger role than the fact that a student may have worked at Company X and created an inroad that led to a positive post-graduation job outlook and positive attitude of the field. When considering the findings of Lichtenstein et al (2009) where the impact of the co-op experience on professional experience can be either a positive or a negative, in turn keeping people in the field or driving them away, it appears that for the respondents of this survey, the former holds true 7 .
Whereas the co-op/internship experience provides promising results for positive professional persistence we find that age tends to have a negative influence on the students view of aerospace engineering and the prospects of a career in the field. The results show that as the age of the respondents increases, the desire to enter the aerospace industry actually decreases and the potential for feeling that the college or university experience creating a negative impression of the aerospace industry actually increases. Though not statistically significant to the 95% confidence level, we also see that these same negative trends hold when it comes to belief that the respondent will most likely stay in an aerospace-related job. Given that the target population for the study consisted of sophomores and seniors, it is believed that a shift occurs in the students as they move from the level where they are just beginning their experiences in aerospace to when they are just about to finish their initial formal training in the field and begin their professional lives. Whereas the sophomores may be very optimistic and excited about the possibilities of the field that they are just beginning to learn about, the seniors are tempered by the experience and rigor required to complete an engineering degree such as aerospace. The PIE study results by Eris et al (2010) note that the participants found the junior year of an engineering program to be especially challenging 6 . This impacts student perception of their own skills which can in turn impact their perception of the field and how they see themselves being a part of that field. Depending on when during the senior year the students took the survey, this negative influence of the junior year could have an impact on the students' responses to this item. The review of the ordinal regression results shows a consistent trend for age and is discussed later in this section.
None of the independent variables have a statistically significant relationship with the question concerning the desire to stay in an aerospace-related field for the duration of a respondent's career. This result is also consistent with the results of Lichtenstein The ordinal logistic analysis results also provide interesting insights into how individual items influence the respondent's desire to work in the aerospace field. Here again we see the variable age having a statistically significant impact. The older students tend to feel that engineering classes and on-campus research strongly do not influence them to want to work in aerospace. No other items that tend to be campus based including aerospace related organizations, career fairs, faculty, non-faculty and hands on experiences show a statistically significant relationship with age. This result is consistent with the earlier finding and it appears to some degree that the engineering courses themselves (noted earlier as being challenging during the junior year) and on-campus research are contributors to the older students not being as willing to say that they will enter the aerospace field as a career.
When it comes to gender, we see that aerospace related organizations, hands-on experiences, and summer internship/co-op experiences all have more positive effects on female respondents than male respondents. Thus it appears that efforts to increase experiences such as internships, hands-on work, and organizations such as the American Institute of Aeronautics and Astronautics (AIAA) do pay off with increased desire to work in the aerospace among the female respondents. We also see that faculty has a statistically significant relationship to respondents who are non-White/Caucasian versus White/Caucasian in creating a positive influence on the students that encourages them to want to pursue a career in aerospace. Continued support by faculty for these underrepresented students is also encouraging and is a partial solution to the professional persistence problem that can be acted upon by continuing and growing support for the instructors of the aerospace students.
Those respondents who have family and close family friends who are engineers only appear to have a statistically significant relationship to the 95% confidence level when it comes to career fairs. It is believed here that the fact that the respondent knows an engineer fairly well probably plays an important part in that respondent being able to identify with aerospace engineers at career fairs versus other non-engineering fields that may be represented at such events. Though only statistically significant to the 0.1 level, we also see that those with family and close family friends who are engineers are also positively influenced by hands on experiences. It is thought here that those respondents may have heard stories about the various engineering experiences of the family member or close friend and may have been encouraged by them and the hands-on experience provided an opportunity for the respondents to have their own similar engineering experiences.
Page 26.114.14 Students who became interested in aerospace after high school (i.e. during college) do not have any statistically significant relationships to the 0.05 level but do have two to the 0.1 level for the items of aerospace related organizations and engineering classes. The students here became first interested in aerospace after they started college and the fact that engineering courses and aerospace related organizations have a positive influence on these students to want to work in aerospace is consistent with someone becoming interested in the field through experiences gained while at university versus other non-academic settings.
Co-op students have a strong statistically significant relationship with co-op/internships indicating that these experiences were positive for the students and reinforce a desire to work in the field. Though only statistically significant to the 0.1 level or less, the co-op/intern students also show a relationship with industry speakers that come to the campus. Again being visited by someone in the field that is representative of the positive co-op/intern experience had by the respondent probably reinforces their beliefs in pursuing an aerospace career. The co-op/intern can identify with and relate to the speaker.
Limitations
The 
Conclusions
The results of the Aerospace Student Attitudes Survey indicate that most aerospace engineering students do plan to enter the field thus showing positive professional persistence. Students who experience the professional life of an aerospace engineer through co-op and internship experiences are encouraged by the experience and it appears to strengthen their desire to enter the field. Co-op/internship experiences and faculty also have a positive influence on underrepresented groups in aerospace engineering influencing these groups to desire to enter the field. Though these results are promising for the future of aerospace engineering, the study also shows that aerospace engineering students are finding that the engineering courses themselves are actually a negative influence on their desire to enter the aerospace industry as the students progress from sophomore year to senior year. This may be simply due to the gradual increase in difficulty of courses as students progress through an engineering program or it could be a hint of changes that may need to be made so that the students have a positive association between the training to become an aerospace engineer and the positive work experiences they have in the field as practicing engineers.
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